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Optical record carriers 



The present invention relates to optical record carriers, and is particularly, but 
not exclusively, suitable for correcting thickness variations present in optical discs. 

5 Optical record carriers fall into one of several categories, including read only 

(readable, but not writeable), recordable (writeable one time only) and re-writeable (write, 
erasable, re-writeable). When the optical record carrier is an optical disc, each of the afore- 
mentioned types of optical record carrier undergoes a pre-forming manufacturing process that 
creates at least one track in the disc. For each type of disc, data is placed onto the track; the 

10 way in which data is so placed depends on the type of disc. 

For example, read only optical discs are reproduced from master discs by a 
well known manufacturing process known as stamping. The, or each, data track includes a pit 
train comprising a plurality of pits which are spaced irregularly with respect to one another. 
Since the pit train constitutes pits of a different depth in the disc to the intervening lands in 

1 5 the disc, the pit trains form a relief structure in an information layer of the disc. 

For recordable record carriers, the, or each, track is coated with a recordable 
layer, consisting of an organic dye. Data is written to the recordable layer by physically 
burning the organic dye with a radiation source, typically a laser, thereby creating marks 
therein. 

20 For re-writable record carriers, the, or each, track is coated with a thin film 

layer stack, comprising at least one recording layer, a reflective layer and generally one or 
more dielectric layers. The recording layer comprises a compound made up of a plurality of 
materials, which is capable of existing in a plurality of different states (crystalline or 
amorphous), depending on the level of radiation applied thereto. Since crystalline and 

25 amorphous areas have a different reflectivity level, and reversible transitions between the 
amorphous and crystalline state are possible by applying laser power at various levels, 
writing and erasing of data is possible. 

Recordable and re-writable discs can also include a relief structure that holds 
read-only data; such regions typically are in the lead-in zone and contain control information. 
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In conventional optical disc formats (like Magneto-Optical (MO) disc formats, 
Compact Disc (CD) and Digital Versatile Disc (DVD) the transparent layer is generally made 
by injection moulding the substrate; the disc is read out through the substrate. In other types 
of disc, such as the Blu-ray™ disc the transparent read-out layer is either formed by bonding 
a thin polycarbonate foil onto the substrate, or by a "spin coating" process, which involves 
applying lacquer to the surface of the information layer and rotating the disc. Centrifugal 
forces associated with rotation of the disc cause the lacquer to be distributed over the surface 
of the information layer, forming the transparent layer. 

A problem with applying techniques such as spin coating is that there can be 
significant variations in the thickness of the transparent layer, in particular in the radial 
direction of the disc. As is well known in the art, the performance of an optical scanning 
device used to read the optical disc is sensitive to the presence of spherical aberrations in the 
spot that is focused on the information layer. Spherical aberrations arise in the spot when 
thickness variations arise in the discs which are uncompensated. Thus if the transparent layer 
falls outside of predetermined limits - due to an unexpectedly thick or thin region of the 
transparent layer - the distance to the information layer may correspondingly be less than or 
exceed that for which the optical scanning device is designed. This can result in an increase 
in spherical aberrations in the focused radiation source, and a deterioration of data signals 
and malfunctioning of the detection system used to detect signals encoded on the optical disc. 

Several empirical methods have been developed for compensating for 
spherical aberrations introduced by the radiation passing through a transparent layer of 
different thicknesses. These methods are now described in more detail. 

US 2002/0054554 describes a method whereby a test region of the optical disc 
is seamed, whilst the amplitude of the playback signal is measured. This test region 
comprises at least first and second pit trains, and the period of the first pit train differs from 
that of the second pit train. Due to the differences in periods, the amplitude of a playback 
signal corresponding to the first pit train differs from that of the playback signal 
corresponding to the second pit train. If the thickness of the transparent layer is uniform 
across the radius of the disc, the point at which the amplitude signals are focused - i.e. the 
point of maximum amplitude - can be expected to be the same for the two pit trains. 
However, if the thickness of the transparent layer varies across the radius of the disc, the 
point at which the maximum signal corresponding to the first pit train occurs differs from the 
point at which the maximum signal corresponding to the second pit train occurs. Thus the 
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difference between the points at which maximum signal amplitude corresponding to the 
respective pit trains occurs can be used to identify a thickness variation. 

A problem with this solution is that the test regions have to be analyzed for 
each disc whenever input into a scanning device, and thickness data for regions outside the 
5 test regions have to be assumed or interpolated If a plurality of test regions were analyzed 
(for example, in order to identify non-linear thickness variations across the disc), this would 
be a time consuming process. Furthermore, the test regions take up space on the disc which 
could otherwise provide useful data capacity. 

US 6,381,208 describes a method whereby data relating to the thickness and 
10 refractive index of the transparent layer is measured after the disc has been manufactured. 
This thickness data is thereafter written on the optical disc, on a writable portion of the 
information layer. When such a disc is then scanned by an optical scan nin g device, the 
thickness data is read and is used to modify the position of lenses thereof, effectively 
compensating for spherical aberrations associated with the thickness variations. The data is 
1 5 stored in the form of average thickness and unevenness in thickness at various distances 
along the radius of the disc, and the optical scanning device is arranged to access a look-up 
table detailing lens configuration as a function of thickness. Thus once the scanning device 
has read in the thickness and refractive index information stored on the disc, lens 
configuration data corresponding thereto can be retrieved from the look-up table. 
20 A problem with this method is that, since the thickness profile has to be 

measured on a per-disc basis, and written into each disc, this presents an additional 
manufacturing overhead. 

JP2001 167443 also describes a system where thickness information is 
measured and written to a disc as a manufacturing stage, thus increasing manufacturing costs. 



It is an object of the invention to alleviate the problems of the prior art 

arrangements. 

According to a first aspect of the present invention there is provided an optical 
30 record carrier for use in an optical scanning device, the optical record carrier comprising an 
entrance face, an information layer and at least one transparent layer, located between the 
entrance face and the information layer, through which data is to be read from the 
information layer, wherein the information layer includes a relief structure holding data in 
read-only form, wherein the data held in the relief structure includes thickness variation data 
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indicative of a variation in the thickness of the optical record carrier between the entrance 
face and the information layer, due to a variation in the thickness of the at least one 
transparent layer. 

Embodiments of the present invention have arisen from the realization that 
5 thickness profiles created during manufacturing processes used to create the transparent layer 
are reproducible and can be characterized. Having arrived at this realization, the inventors 
have taken a second step and encoded this information in a read-only portion of a disc. In 
other words, information about the thickness profile of a layer has been stored to the disc 
before that layer has even been created on the disc. 

10 All of the prior art discussed above describe measuring the thickness of the 

transparent layer after manufacture, which means that thickness information has to be written 
post manufacture, and thus to the writeable portions of a disc. In comparison to such known 
methods, in embodiments of the present invention, thickness information is stored in a relief 
structure, formed during a stamping process, which holds read-only data. Thus, no additional 

15 manufacturing stage is required, and a disc need not include a writable portion. 

Providing a disc manufacturer can characterize its transparent layer 
manufacturing process, for example as a thickness profile, the profile can be stamped onto 
the discs before the spin coating process is applied, and read therefrom in accordance with 
embodiments of the invention, as described in more detail below. This is clearly 

20 advantageous, since it means that embodiments of the invention can be applied to any type of 
disc which has a read-only portion, providing the manufacturer stamps information relating 
to the thickness variation in such a portion. 

For a well-defined manufacture process, for example a spin-coating process 
for forming a transparent layer using a specified disc rotation speed and a given lacquer 

25 formulation, coarse variations in thickness of the transparent layer can be known in advance, 
and will not vary from disc to disc. The quality of the transparent layer (i.e. the degree of 
variation of thickness) is no longer as problematic. This is clearly an advantage in terms of 
manufacturing costs, since less rigorous, and thus less costly, spin coating processes can be 
used. 

30 Further aspects of the invention are set out in the appended claims, and 

features and advantages of the present invention will become apparent from the following 
description of preferred embodiments of the invention, which is given by way of example 
only and made with reference to the accompanying drawings. 
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Fig. 1 is a schematic diagram showing an optical scanning device operating in 
conjunction with a record carrier according to an embodiment of the present invention; 

Fig. 2 is a schematic cross section along a data track in a lead-in zone of an 
optical disc in accordance with an embodiment of the invention; 

Fig. 3 is a schematic radial cross section of a lead-in zone of an optical disc in 
accordance with a further embodiment of the invention; 

Fig. 4 is a schematic diagram showing a graphical representation of a radial 
thickness profile of the transparent layer; 

Fig. 5 is a flow diagram showing steps performed by an optical scanning 
device according to embodiments of the present invention; and 

Figs. 6 and 7 are flow diagrams showing steps performed by an optical 
scanning device according to alternative embodiments of the present invention. 

Fig. 1 shows a schematic diagram of an optical scanning device with which 
optical discs according to embodiments of the present invention are arranged to operate. The 
optical scanning device includes a radiation source 6, for example a semi-conductor laser, 
emitting a diverging radiation beam 7. A beam splitter 8, for example a semi-transparent 
plate, is arranged to transmit the diverging beam 7 towards a lens system. The lens system 
includes a collimator lens 9 and an objective lens 10 arranged along an optical axis 13. 

The collimator lens 9 is arranged to transform the diverging beam 7 emitted 
from the radiation source 6 into a substantially collimated beam 15. The objective lens 10 is 
arranged to transform the incident collimated radiation beam 1 5 into a converging beam 14, 
having a selected numerical aperture (NA), which comes to a spot 18 on a layer of optical 
disc 1 (specifically information layer 3, described in more detail below). A detection system 
16 and a second collimator lens 19, together with the beam splitter 8, are provided to detect a 
main information signal and focus and tracking error signals, which are used to mechanically 
adjust the axial and radial position of the objective lens 10. 

The optical system also includes a spherical aberration compensator 20 which 
is operated by a compensation signal generator 22. The compensator 20 may take any of a 
number of different forms, for example a variable focus liquid crystal lens. In alternative 
embodiments, the compensator is arranged to adjust the spacing between two lenses of a 
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compound objective lens 10, or to adjust the spacing between the collimator lens 9 and the 
radiation source 6. 

Optical disc 1 comprises a transparent layer 2, on one side of which at least 
one information layer 3 is arranged and having the entrance face 5 of the disc on its other 
side. The information layer 3 includes a reflective layer (not shown). The side of the 
information layer facing away from the transparent layer is protected from environmental 
influences by a protection layer 4. The transparent layer 2 acts as a substrate for the optical 
disc by providing mechanical support for the information and reflective layer or layers. 
Alternatively, the transparent layer 2 may have the sole function of protecting the information 
layer 3, which, in the case of a multi-layer optical disc, is the uppermost information layer, 
while mechanical support is provided by a layer on the other side of the information layer 3, 
for instance by the protection layer 4 or by a further information layer and transparent layer 
connected to the uppermost information layer. In the case of a multi-layer optical disc, two or 
more information layers are arranged behind a first transparent layer, and an information 
layer is separated from another information layer by a further transparent layer. Each 
information layer is located at a different depth within the disc with respect to the entrance 
face 5. 

The transparent layer 2 essentially presents a refractive medium for the 
converging beam 14 to pass through. As stated above, a problem with the spin coating 
process used to create the transparent layer 2 is that there can be significant variations in the 
thickness of the layer 2, such that distance between the information layer 3 and the entrance 
face 5 varies across the disc. If the thickness of the layer 2 is non-uniform in the radial 
direction, the degree of spherical aberration in the spot 18 at various points along the radius 
will vary. As a result both data and control signals can be expected to be poor at certain radial 
locations. 

Fig. 2 shows a cross-section through a part of a data track in the lead-in zone 
of a first embodiment of optical disc 1 A The lead-in zone includes control data for 
initializing the scanning device when the disc 1 is inserted into the device, and is located at 
the innermost periphery of the readable portion of the disc 1 . The disc 1 A includes a relief 
structure in the form of a series of pits 31a, 31b, 31c, 31d, of various lengths and spacings 
alternately interposed between a series of lands 32a, 32b, 32c. . . 32d along the data track. The 
relief structure holds read-only data. The data track may itself be spiral or circular in form. 
The relief structure holding the data is formed by a stamping injection moulding process from 
a master having a corresponding pattern on its face. 
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Fig. 3 illustrates a different format of lead-in zone, used in a different 
embodiment of optical disc IB, which is shown in radial cross-section in this case. In this 
format, the lead-in zone includes a relief structure in the form of a land/groove structure. The, 
or each, groove forms a spiral or circular track. In this embodiment, data is held in the 

5 land/groove structure in the form of a high frequency modulated wobble pattern, whereby the 
groove alternately meanders slightly to each side from its overall path in accordance with 
read-only data held in the wobble pattern. Again, the relief structure holding the data is 
formed by a master having a corresponding pattern on its face. 

For the purposes of the following embodiments it is assumed that the disc 1 

10 (having a lead-in zone of a form as shown in either Fig. 2 or Fig. 3) is of a read-only type, but 
it should be appreciated that embodiments of the invention can be realized in a recordable 
disc having at least one read-only portion, for example in the lead-in zone. 

In all of the embodiments described herein, a thickness profile - that is to say, 
the way in which the thickness of the transparent layer 2 at least coarsely varies with radial 

15 location — is characterized in advance of its manufacture. This information is stamped onto 
the lead-in zone of the optical disc 1 at the time of manufacture. The information layer 3 can 
thus include data in respect of a layer, which, at the time of stamping the disc (and thus 
creating the information layer) has not yet been created. The process applied to create the 
subsequently applied layer is reproducible and the layer has certain characterizable generic 

20 features. A disc manufacturer can characterize its spin coating process as a thickness profile, 
data identifying the profile can be stamped onto the discs before the spin coating process is 
conducted, and read therefrom thereafter when the discs are scanned, during playback or 
writing, in accordance with embodiments of the invention, as described in more detail below. 
This is advantageous, since it means that embodiments of the invention can be applied, en- 

25 masse, to any type of disc that has a read-only portion, by stamping the thickness profile data 
in such portions. 

Different formats of the thickness profile data are possible. In one embodiment 
the data includes values which describe thickness deviations at selected radial positions along 
the optical disc 1. The number of positions, and the corresponding number of different 
30 possible thickness deviations specified, is preferably at least three, more preferably at least 
five, and yet more preferably ten or more. 

The profile data may comprise absolute or relative values describing the 
thickness of the layer at radial positions along the optical disc 1. When the data are absolute 
values, they are preferably converted to relative values. This involves selecting one radial 
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position as the reference position, and calculating the thicknesses at the other locations 
relative to the thickness at the reference position. 

In one arrangement, the profile data comprise a set of values, such as those 
shown in Table 1, specifying deviations, given in arbitrary units, corresponding to amounts of 
5 thickness variation at selected radii. 



Table 1 



radius R 
[mm] 


deviation D 


23 


-1 


27 


+2 


31 


+5 


35 


+3 


39 


+3 


43 


+2 


47 


+3 


51 


+1 


55 


-1 


59 


-3 



10 In an alternative embodiment, the profile data specifies a function that 

describes the variation of deviation with distance from a reference position. For example, the 
profile data on the optical disc may describe a constant and coefficients of a predetermined 
polynomial function. For example, if the function is the polynomial y = -8E(-05)x 4 + 
0.0124x 3 - 0.7227x 2 + 18.359x - 171.55, such as that shown in Figure 4, coefficients -8.5E(- 

15 0.5), 0.0124, -0.7227, 18.359 may be stored, together with the degree of polynomial (here 4) 
and a constant, if any (here 171.55). 

Aspects of the spherical aberration compensation subsystem will now be 
described in more detail. As shown in Figure 1, the subsystem includes a control unit 5 1 
arranged to read in thickness profile data stored in the lead-in zone. The control unit 51 is 

20 also arranged to process the data so read, and to output control data corresponding thereto to 
the compensation signal generator 22. The output data is used by the signal generator 22 to 
generate a signal causing the compensator 20 to add an amount of spherical aberration 
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compensation to the beam corresponding to the thickness of the transparent layer 2 at the 
radial position currently being scanned. The control unit 51 preferably runs a computer 
program, or part of a suite of computer programs that cooperates with processing circuitry of 
the detection system 16. 

5 The steps involved in evaluating the compensation signal required to account 

for thickness variations will now be described, with reference to Figures 4, 5 and 6. 

Referring firstly to Figure 5, at step 501 the control unit 5 1 identifies the 
position of the thickness data on the information layer 3. In the present embodiment, the data 
is stored in the lead-in zone, so step 501 involves the control unit 51 instructing the scanning 
10 device to read in data stored in the lead-in zone. The detection system 16 reads at step 503 
data from the identified area and passes this data to the control unit 51, which stores it as a 
data file. 

Next, the control unit 51 identifies at step 503 a first reference position. The 
first reference position may be a predetermined position, either stored in the scanning device 

15 or read from the thickness profile data stored in the lead-in zone, or may be selected after 
analysis of the thickness profile data. When selected after analysis of the thickness profile 
data, the first reference position is preferably selected to be a radial position having a 
thickness value near or at one end of the range of the thickness values. The same applies to a 
second reference position, to be described in further detail below, which may be either 

20 predetermined or selected after analysis of the thickness data. If selected after analysis of the 
thickness profile data, the second reference position is preferably a position having a 
thickness value near or at the other end of the range of thickness values. In any case, the first 
and second reference positions should have different thickness values, so that a scaling factor 
relating the thickness deviation (in arbitrary units) to the corresponding compensation signal 

25 may be calculated after testing of the optical disc in the scanning device. 

Next, at step 507, the scanning device conducts a test procedure at the first 
reference position on the disc to determine an optimum spherical aberration (S A) 
compensation signal. In the case of a read-only disc, this is in one embodiment conducted by 
reading data at a selected radial position with a variety of different spherical aberration 

30 compensation settings whilst detecting a jitter value in the main information signal, and 

optimizing the setting to a minimum jitter value. In the case of a writable disc, data may be 
written into the disc at the reference position using a standard spherical aberration 
compensation setting to begin with, following which optimization of the spherical aberration 
compensation setting is carried out whilst reading the data back. Once an optimum setting for 
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a reading is obtained, the data may be re-written using the optimum setting obtained for a 
reading, and the optimization procedure may be carried out once more using the newly- 
written data, since the data which is written first using the standard setting may not be 
optimized itself, leading to errors in the optimization procedure. 
5 Optimizing the SA compensation signal can be carried out using alternative 

methods; for example a push-pull tracking error signal can be used; in Ibis case an optimum 
is determined at the setting at which the envelope of the tracking error signal has the greatest 
amplitude during read-out. By using the tracking error signal, an optimum SA compensation 
signal can be detected in a blank part of the disc, thus the need for writing data to a writable 

10 disc during the test procedure can be avoided. 

At the optimized SA compensation setting, the signal applied by the signal generator 22 is 
noted. Next, the optical scanning device moves the optical head to the second reference 
position, step 509, and detects and stores an optimum spherical aberration compensation 
signal, step 5 1 1 , in a similar manner. 

15 Next, the control unit calculates a scaling factor, according to the following 

expression: 

SF =[/(^)-/(^)]/[D(^)-Z)(^)] Formula 1 

Where SF is the scaling factor for the disc; R^n is the radius at the first reference position 
and Rref2 is the radius at the second reference position; I is the current to be applied at radius 
20 Rj and D is the deviation at radius R\. 

This scaling factor is then stored for use by the spherical aberration 
compensation subsystem, in combination with the thickness deviation data, when scanning 
the optical disc at any radial location. 

Referring now to Fig. 6, which illustrates a spherical aberration compensation 
25 procedure when the thickness profile data is held in the form of parameters of a thickness 

profile function, the control unit 51 first detects whether the optical head has been moved to a 
new scanning position, step 601. If the optical head is in a new scanning position, the control 
unit 51 retrieves the thickness profile data, step 603, and applies the function corresponding 
to the thickness profile data to calculate the thickness deviation at the current radius, step 
30 605. The control unit 51 then converts the deviation value to a compensation signal value by 
applying the previously-calculated scale factor, step 607, and instructs the signal generator 22 
to apply the appropriate compensation signal at step 609 to the compensator 20. 

Fig. 7 illustrates a corresponding procedure when the thickness profile data is 
stored as a set of values for each of a plurality of selected radial locations. 
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Referring now to Fig, 7, during a scanning operation, which in the case of a 
read-only disc may be a read operation, and in the case of a recordable or rewritable disc may 
be a read operation or a write operation, the control unit 51 detects whether the optical head 
has been moved to a new scanning position in step 701 . If the head is moved to a new 
5 scanning position, the control unit 51 retrieves the thickness profile data at step 703, and 
detects whether the current radius is different to the locations at which thickness deviation 
data is available in the data file, step 704. If so, the current thickness deviation is read from 
the data file, step 707. If the current radius is different to one of the locations available in the 
data file, interpolation of the deviation is carried out between the two adjacent locations in 

10 the data file, to calculate a current expected thickness deviation at the current radius, step 
705. With the read or calculated deviation, the deviation value is converted by the control 
unit to a compensation signal value, step 709, which is supplied to the signal generator 22, 
which applies the appropriate compensation signal to the compensator 20, step 711. 

In a further embodiment of the invention a multi-layer optical disc, comprising 

15 at least first and second information layers and corresponding first and second transparent 
layers is provided. There are thus at least two transparent layers, each of which have been 
applied to their respective information layers via spin coating, and which may have a 
corresponding thickness variation. In this embodiment one or more read-only portions of the 
dual layer optical disc includes two sets of thickness profile data - one for the first 

20 transparent layer and one for the second transparent layer. Variations in thickness of each of 
the transparent layers are specified and the control unit 51 calculates corresponding current 
scale factors for each layer, as described above, and, for each of the information layers 
calculates the adjustment required along the radius of the disc when scanning either of the 
two information layers. 

25 In the above embodiments, a test procedure is used to determine a suitable set 

of optimal spherical aberration compensation settings corresponding to given set of different 
thicknesses. Alternatively, such settings may be determined by look-up from a table pre- 
stored in the optical scanning device. 

In the above description, and in the accompanying claims, the term "relief 

30 structure" has been used to describe a structure in, or following, a surface having height 

variations. Such height variations can also be referred to in the art as embossments and occur 
due to corresponding height variations in a master used during a stamping procedure. Such a 
relief structure may include a pit/land train, a wobble pattern in a groove, a combination of 
such features, and/or other features provided by height variations stamped onto a surface. 
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In accordance with the invention, a relief structure holds data including thickness variation 
data. In preferred embodiments, the thickness variation data indicates variations which are 
correspond in proportion to the thickness variations in the layer or layer of which the 
thickness profile is being described. However, the invention extends to variations, which are 
5 due to at least two parameters including a thickness parameter and another parameter such as 
refractive index variations, which cause a need for spherical aberration correction. Thus, the 
thickness variation data may not directly indicate a given thickness variation if other 
variations leading to a need for spherical aberration correction are to be taken into account. 
However, any such other variation should be characterizable in advance of production of the 
10 layer in question. Typically, other variations are not characterizable in advance and/or cause 
only relatively minor spherical aberration problems, and the thickness variation data may be 
limited to solely being indicative of thickness variations. 

It is to be understood that any feature described in relation to any one 
embodiment may be used alone, or in combination with other features described, and may 
15 also be used in combination with one or more features of any other of the embodiments, or 
any combination of any other of the embodiments. Furthermore, equivalents and 
modifications not described above may also be employed without departing from the scope 
of the invention, which is defined in the accompanying claims. 



